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Summarv
Molecules that possess a non-superimposable mirror image relationship are called
enantiomers. They show different actions or activities in the chiral environment of
living organisms. For the development of new chiral pharmaceuticals, insecticides and
other biologically active compounds only the enantiomer with the desired action or
activity should be used. The other enantiomer may be responsible for unwanted side
effects. Also when this other enantiomer is inactive it must be regarded as unwanted
isomeric ballast.
On an industrial scale classical resolution is the most widely applied method for the
production of enantiomerically pure compounds with the exception of those com-
pounds of natural origin. In classical resolutions the racemic substrate, a I : I mixture
of enantiomers, is transferred into a mixture of diastereomeric salts by means of a
chiral auxiliary, the resolving agent. These diastereomeric salts are separated by
crystallization. Although classical resolutions have been used for more than hundred
years the choice of the resolving agent is still mainly a matter of trial and error.
Information on known successful resolutions is usually limited to the statement that
one of the diastereomeric salts dissolves better than the other diastereomeric salt.
Detailed studies on physical and structural properties of the diastereomeric salts are
scarce.
The aim of the research described in this thesis is to gain more insight into factors
that determine the resolution result and to use this knowledge for the development of
new resolving agents.
A strategy for the development of new resolving agents is described in Chapter 2 of
this thesis. Structural features that frequently used resolving agents share form the
basic criteria for new resolving agents. Also economic use of the resolving agents and
possibilities for recycling are considered. The cyclic phosphoric acids 1, which were
developed on the basis of these criteria by W. ten Hoeve, have been shown to be
excellent resolving agents for various amines, amino acids and amino alcohols. Basic
analogs of these cyclic phosphoric acids as the amidines 2, amino alcohols 3 and
piperidines 4, which have been designed on the basis of the same criteria, are less
satisfactory.






meric salts is described in Chapter 3. The resolution of ephedrine (5) with eleven
differently substituted cyclic phosphoric acids (1) was used as model system. The
efficiency of a resolution can be described quantitatively using a parameter S, which
can be calculated from experimentally obtainable data. In polar protic media like
ethanol, propanol and isopropanol the parameter S is only dependent on the substitu-
ent in the phenyl ring of the cyclic phosphoric acid and not on the solvent used. The
resolution result varies from no resolution of ephedrine with the cyclic phosphoric
acid with X : H, to excellent resolutions for X : 2-Cl, 4-Cl, 2,6-Clz, 2,4-Cl, and
2-OMe. In all cases the less soluble salt of a diastereomeric pair possesses a larger
enthalpy of fusion and in most cases a higher melting point. An increasing S factor is
accompanied by a larger difference in enthalpy of fusion between the diastereomeric
salts. It was demonstrated by this study for the first time that the resolution result is
determined by the difference in lattice energy of the diastereomeric salts.
The crystal stuctures of six pairs of these diastereomeric salts are described in
Chapter 4. These crystal structures show that different substituents in the phenyl ring
of the cyclic phosphoric acids (1) give rise to large differences in crystal packing of
their ephedrine salts. The crystal packings can be divided in three main classes. In all
classes alternating hydrophilic and hydrophobic layers are found. The differences in
lattice energy seem to arise from differences in Van der Waals interactions in the
hydrophobic layers. The differences in physical properties of the diastereomeric salts
can be explained to some €xtent by the observed crystal packings. It is (still) impossi-
ble to predict the crystal packing and therefore also physical properties of the
diastereomeric salts on the basis of the substituent in the phenyl ring of the cyclic
phosphoric acid.
In Chapter 4 NMR studies of the diastereomeric salts in solution also are described.
NMR nonequivalences are found in CDCI, and DMSO-du for mixtures of racemic
phosphoric acid and enantiomeric pure ephedrine. Using these NMR nonequivalences
the enantiomeric purity of the cyclic phosphoric acids can be determined easily by 'H
and 31P NMR. In the reciprocal experiments with enantiomerically pure cyclic
phosphoric acid and racemic ephedrine NMR nonequivalences are not found. Non-
reciprocal results are also found in spectra of the cyclic phosphoric acids with other
amine alcohols and amino acids. Conglomerate-like behavior of the cyclic phosphoric
acids in solution is proposed as a possible explanation for the non-reciprocal behavior.
The effect of chlorine substituents in the phenyl ring of ephedrine on the resolution
result for the resolution of ephedrine with the cyclic phosphoric acids is described in
Chapter 5. The results of this study show that chlorine substituents in the phenyl ring
of ephedrine have much less influence on the resolution result than chlorine substitu-
ents in the phenyl ring of the cyclic phosphoric acid. The resolution result is mainly
determined by the structure of the cyclic phosphoric acid.
An attempt Ío develop a resolving agent on the base of specific interactions between
substrate and resolving agent is described in an Appendix. Also a start is given in the
Appendix for the development of new Cr-symmetric resolving agents.
It can be concluded from this investigation that subtle changes in the structure of the
substrate or in the structure of the resolving agent have a large, still unpredictable,
effect on the resolution result. Even for the carefully chosen resolution of ephedrine
with the cyclic phosphoric acids it is very difficult to predict the resolution result.
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